Introduction
Organic-inorganic hybrid compounds (systems) of the general formula [R N H^kM yX ; (where R is an alkyl-group or a chromophore; M = Pb, Sn, etc; X = I, Br, Cl; x, y, z = 1 ,2 ,3 ,.. . ) have been prepared and investigated extensively (see [1 -17] and refs therein, for some reviews see [1 -3] ). They behave as three dimensional or low dimensional semiconducting systems. It has been found that these systems could be used as ele ments in nonlinear optical devices [4] , in light emit ting diodes [5] , in optical microcavities [6] , and as channels in thin-film field-effect transistors [7] . However, little is known on the systems based on /so-thiuronium cations, i.e., on compounds of the general formula [RCH2SC(NH2)2LM V X, [ 
Experimental

Starting materials and apparatus
The following starting materials were used with out further purification: PbO (Ferak 01-881), hydroiodic acid 57% (Merck 341), hydrobromic acid 47% (Merck 304), H3PO2 50% (Fluka 9421), 1-chlorodecane (Aldrich C3,290-9), benzyl chloride (Aldrich 32,016-1), a, a'-dichloro-p-xylene (Aldrich 10,574-0), 4-phenylbenzyl chloride (Aldrich C5,227-6), 2-bromomethyl-naphthalene (Fluka 17,617), 4-bromomethyl-7-methoxycoumarin (Fluka 17,623), 2-bromomethylanthraquinone (Fluka 17,560), 9-chloromethyl-anthracene (Aldrich 19,651-7) and thiourea (Ferak 01525). The optical absorption (OA) spectra of thin deposits on quartz plates were recorded on a Perkin Elmer UV/VIS/NIR Lambda 19 spectrophotometer and the photolumines cence (PL) spectra on a Jobin Yvon-Spex model Fluorolog-3 spectrophotometer. Also, PL spectra were recorded on a Jobin Yvon model HG2S Raman spectrophotome ter using an argon laser (: 457.9 nm excitation line). All measurements were performed at room temperature.
Preparation of compounds
The z'so-thiuronium halides were prepared first by known procedures [18] [19] [20] [21] . A typical pro cedure for 9-anthracenemethyl thiuronium chloride [Ci4H9CH2SC(NH2)2Cl] is described here: To a solution of 9-chloromethyl-anthracene (0.5 g) in CH3CN (30 ml), a solution of thiourea (0.152 g) in CH3CN (30 ml) was added. The mixture was refluxed for 0.5 h. The yellow precipitate was filtered off and dried in air; yield 95%.
[CioH2iSC(NH2)2]2Pbl4 (1): To a solution of CioH2iSC(NH2)2l (34.4 mg) in aq. HI 57% (0.5 ml) and CH3OH (5 ml) a solution of PbO (22.3 mg) in aq. HI 57% (0.5 ml) and CH3OH (5 ml) (i. e.,a solution of PM2), in the presence of H3PO2, at reflux temperature, was added at once. After slow evaporation of the solvents, yellow plate shaped crystals were obtained. They were filtered off and dried in air; yield 49 mg (43%), based on PbO. Analysis for C22H50N4 I4S2Pb (1149) [C6H5CH2SC(NH2)2]4Pb3lio (2): To a solution of PbO (66.9 mg) in aq. HI 57% (1.5 ml) and CH3OH (1 ml), in the presence of H3PO2, C ö H s C^S Q N H^I (117.6 mg) was added at once and the mixture was heated at reflux tem perature. By slow cooling yellow plates were obtained. They were filtered off and air dried; yield 161 mg (63%). Analysis for C32H44NgIioS4Pb3 (2559) (27.8 mg) in aq. HI 57% (0.5 ml) and CH3OH (15 ml), a solution of PbO (22.3 mg) in aq. HI 57% (0.5 ml) and CH3OH (1 ml), in the presence of H3PO2, at reflux tem perature, was added at once. After slow cooling of the solution at room temperature, a precipitate consisting of thin needles was obtained. Filtration and drying in air gave the compound in a yield of 58 mg, (81 %), based on PbO. Analysis for C5H8N2l3SPb (716) [CioH7CH2SC(NH2)2]Pbl3 (5): To a solution of PbO (22.3 mg) in aq. HI 57% (0.5 ml) and CH3OH (2 ml), in the presence of H3PO2, at reflux temperature, a solution of CioH7CH2SC(NH2)2l (34.4 mg) in aq. HI 57% (0.5 ml) and CH3OH (6 ml) was added at once. After slow evapo ration of the solvents, yellow plates were obtained. They were filtered off and dried in air; yield 71 mg (8 8 %). Anal ysis for Ci2H ,3N2l3SPb (805) [CioH70 3 CH2SC(NH2)2]Pbl3 (6 ): To a solution of PbO (22.3 mg) in aq. HI 57% (0.5 ml) and CH3OH (2 ml), in the presence of H3PO2, at reflux temperature, a so lution of CioH7 0 3CH2SC(NH2)2Br (34.5 mg) in aq. HI 57% (0.5 ml) and CH3OH (10 ml) was added at once. After slow cooling to room temperature, yellow needles were obtained. They were filtered off and dried in air; yield 56 mg (6 6 %). Analysis for C^H o^L O^S P b (853): calcd. C 16.88, H 1.54, N 3.28; found C 16.62, H 1.55, N 3.40.
[C,4H70 2 CH2SC(NH2)2]PbI3 (7): To a solution of PbO (22.3 mg) in aq. HI 57% (0.5 ml) and CH3OH (2 ml), in the presence of H3PO2, at reflux temperature, a solution of Ci4H70 2CH2SC(NH2)2Br (37.7 mg) in aq. HI 57% (0.5 ml) and CH3OH (12 ml) was added at once. After cooling, a yellow-brownish precipitate was obtained. It was filtered off and dried in air; yield 69 mg (78% [Ci4H9CH2SC(NH2)2]Pbl3 (8 ): To a solution of PbO (22.3 mg) in aq. HI57%(1 ml), in the presence ofH 3P0 2 , at reflux temperature, a solution of C^H g C H iS Q N^h l (39.5 mg) in acetone (5 ml) was added at once. After slow evaporation of the solvents, yellow plate-like crystals were obtained. They were filtered off and dried in air; yield 57 mg (67%). Analysis for C^H is^L S P b (855): [Ci4H9CH2SC(NH2)2]2PbBr4 (9): To a solution of PbO (22.3 mg) in aq. HBr 47% (0.5 ml), a solution of Ci4H9CH2SC(NH2)2Cl (30.3 mg) in aq. HBr 47% (0.5 ml) and CH3OH (2.5 ml) at reflux temperature, was added at once. After slow cooling, yellow plates were ob tained. They were filtered off and dried in air; yield 47 mg (44.3%) based on PbO. Analysis for C32H3oN4Br4S2Pb The crystals of the new compounds were not good enough for X-ray crystal structure solution. Fig. 4. Fig. 4. OA (a, b) and PL (a1, b1) spectra of [C14H9-CH2SC(NH2)2]PbI3, (a, a') and C u H g C^S C C N^M (b, b'). Excitation 457.9 nm. ponent. However, the PL spectra o f these hybrides are weak. The stoichiom etry and the excitonic peak positions o f the last four hybrides indicate that they are one-dim ensional system s like [C 10H 7C H 2N H 3]-P b l3 [10] and [H3N (C H 2)6N H 3] o.5P b l3 [15] "   Fig. 3 shows the OA and PL spectra o f [C 10H 7-C H 2S C (N H 2)2]P bI3 as well as the spectra o f C 10H 7-C H 2S C (N H 2)2l for com parison. The OA spectrum exhibits an excitonic peak at ca. 405 nm, indicating a one-dim ensional system like [CioH7C H 2N H 3]PbI3 [10, 13] . O ne can see that the position and shape of the PL spectrum are alm ost the sam e as for [C 10H 7-C H 2N H 3]PbI3 [10, 13] except that the vibronic pro gression in the spectrum o f [CioH7C H 2SC (N H 2)2]-P b l3 is w eaker than that in the spectrum o f [C 10H 7-C H 2N H 3]P bI3 [10, 13] . This m eans that the energy transfer from the inorganic to the organic com po nent [16] Fig. 4 shows the OA and PL spectra o f [C 14H 9-C H 2S C (N H 2)2]P bI3 and the spectra o f C 14H 9C H 2-SC (N H 2)2l for com parison. T he PL intensity o f the hybrid, w ith 457.9 nm excitation, is low er than that o f the corresponding organic com pound. The vi bronic progression in the PL spectrum o f [C 14H 9-C H 2S C (N H 2)2]P bI3 is w eaker than that reported for the one-dim ensional system [C i4 H 9C H 2N H 3]PbI3 [15] . However, in both cases the OA excitonic peak of the inorganic netw ork (P bl3) lies at ca. 409 nm, betw een the singlet and triplet states o f the organic com ponents. The PL spectrum w ith 350 nm excita tion is very weak. [14] or a one-dim ensional system like [C 10H 10N 2]-Pb2Br4 [22] . However, in both cases the excitonic peak arising from the PbB r netw ork should occur at w avelengths = 400 nm [ 1 -3 ] , i.e., at shorter wavelengths than that o f the first singlet level o f the organic com ponent (ca. 420 nm). T he PL spec trum o f C i4H 9C H 2S C (N H 2)2B r w ith 350 nm ex citation exhibits shoulders at ca. 450 and 530 nm, corresponding to the prom pt and the delayed fluo rescence, as well as a broad band (perhaps phos phorescence, arising from the triplet) at longer wavelengths. The PL spectrum o f [C 14H 9C H 2SC-(NH 2)2]2PbB r4 with 350 nm excitation exhibits a strong band at ca. 447 nm and a w eak shoul der at ca. 530 nm, corresponding to the prom pt and the delayed fluorescence. This behaviour is a consequence of the energy transfer from the inor ganic to the organic com ponent as in the case of [C ,4H 9C H 2N H 3]2P bC l4 [16] , The PL intensity in of [Ci4H 9C H 2S C (N H 2)2]2PbB r4 is higher than that o f 9-chlorom ethyl-anthracene (a fluoresfent m ate rial) [23] . M oreover, an enhancem ent o f the m o bility is expected in the hybrid system , because o f the incorporation o f the inorganic sem iconductor (PbBr-netw ork) [7] .
Optical Properties and Discussion
It is concluded that the organic-inorganic hybrid com pounds based on /so-thiuronium cations and metal halide anions behave like the corresponding com pounds w ith alkyl am m onium or aryl-alkylamm onium cations. The preparations and the prop erties o f sim ilar com pounds based on /so-selenuronium cations, such as [ C io tb iS e Q N I-b h h P b U , will be reported elsewhere.
